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Abstract 
This study aims to simulate the thermal performance of solar air plans for various climatic and geographical contexts 
for the implementation of a solar system in a site should be done after estimating the productivity of the system 
depending on the local solar resource available really beautiful by day (clear sky) or by poor day (overcast). The 
results helped identify four operating modes and that through this characterization schemes that combine the various 
sites studied a very good correspondence between the performances and needs. 
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1- INTRODUCTION 
 
The solar air collectors are very close to conventional water sensors, used primarily for heating water 
known as health, the second part of suppliers of solar energy for a variety of simple application such as 
heating, industrial drying and drying agricultural and food industries. Our Laboratory of Mechanical 
Engineering, University of Biskra, has devoted several years to study the role of baffles and, more 
generally, the geometry of the parts offered to the flow of air into the flow stream in the processes of heat 
transfer for turbulent air with a sensor to have very good performance for low air flow and thus to provide 
a-return outlet temperature favorable [1] [3] [4]. Experimental results [2], show that the addition of an 
aluminum plate inside the air stream moving the insulation saves on the thermal performance of the 
sensor by 25% when the air flow is set at 52 kg / h (35 m3/hm2) and a relative gain additional 9% when 
introducing the fins. This is mainly due to increased convective exchanges in the sensor by increasing the 
surface which increases the heat transfer, without increasing pressure drop. 
This first stage of studies now being advanced. It is also important that a geography of the use of these 
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sensors is becoming well defined and that the list performance of these sensors and mainly the best of 
them can be provided, for good or mediocre days, and for 'Algeria, for example in very sunny locations. 
All this information can result in the formation of an Atlas of sensor performance, as this is of importance 
to users and potential users. Second, and again in Algeria, the global radiation received at different sites 
of Mediterranean climates or the Sahara, is one of the highest in the world, in addition to these regions 
benefit from exceptional value for solar energy in the forms the most varied. In addition, the 
implementation of a solar system to meet a definite need in a given site can only be estimated after the 
productivity of such a system based on solar radiation actually available for local heyday (sky clear) or 




2-1-Thermal Requirements to medium temperatures: 
 
In Algeria, in various regions without elevations or altitudes and different climates Mediterranean and the 
Sahara and for various uses, it is not clear yet what the maximum temperature of usable heat that can be 
provided by sunstroke so-called "average temperatures" need to develop. We only know from the 
calculations and results will be presented later that this temperature can exceed 100 ° C quite widely and 
the range of uses likely to depend on the maximum temperature. On the other hand, it is obvious that it is 
the performance of the solar panel that can decide whether solar is suitable for a particular application. 
Indeed a better understanding of the fundamental mechanisms governing the functioning of a sensor [5], 
[6] allows one hand to control all parameters extrinsic or intrinsic within the transfer process and then 
know on what base can act to optimize the performance of solar collector. To this end, we undertook this 
study. 
 
2-2- Establishment of model of the incident energy: 
 
The values of the energy received daily are those type of days of the month is, for a given quantity, the 
day of the month is closest to the monthly average of this quantity. In practice we assume a sinusoidal 
variation of the global illumination. 
If Gmax: means the maximum irradiance at solar noon on a horizontal plane and 't: the length of daylight 
between sunrise and sunset, while the theoretical variation of global solar radiation takes the form [1]: 
G(t) = Gmax. Cos (ɷ.t)  such as: ɷ =  Error!  où  T = 2. 't 
 Gmax = Error!   as W is the total energy daily.. 
The total energy received from sunrise to sunset is written:    G(t) = Error! . Cos (Error! ).t 
if G* : represents the contribution in beautiful sunshine per day, while for non sunny days, we replace (W) 
by (Gm) representing intake sunshine and overcast is calculated as follows: G = (1-VGm + V.G*    from 
which                   Gm = Error! 
V is the fraction of sunlight that is for a clear day at about 0,8. 
The term (1 - V).Gm is the average of overcast days. 
The data of global radiation and radiation from clear skies and sunshine of the fractions of the twelve 
months of the year and for the cities studied were taken from the solar atlas of Algeria [8].  
 
2-3- Establishment of the model inlet temperature: 
 
The theoretical evolution of the ambient temperature, which is the inlet temperature of air in the sensor 
can be modeled by the equation [7]: 
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In this model the maximum temperature is reached at true solar noon. This model does not correspond to 
reality as it is considered that the maximum temperature is reached at "noon heat" which is the time in 
true solar time, solar noon plus 1 / 8 the day length solar (' t). While the maximum flux is reached at 
solar noon, but it is considered that given the thermal inertia of the soil, the heat balance between the 
environment and the ground is offset 1 / 8 (' t) relative to solar noon. 
The model previously proposed has been replaced to correct a model that introduces a "midi heat", where 
the temperature reaches its maximum value of the day. Considering the radiative exchange at night, the 
room temperature reaches its minimum at sunrise and then, at sunset, we consider the temperature as the 
average temperature. The approximation is valid, however, given the different parameters that are not 
considered (wind, rain ...). And room temperature can be modeled by two branches graphs of sinusoidal 
functions of different periods: 
- The first part being the (5/8) of (' t) 
-  The second part being the (3/8) of (' t)  
(' t) is the length of the solar day. 
The first part starts from the sunrise, corresponding to the minimum temperature, until the time of solar 
noon plus 1 / 8 in (' t) corresponding to the maximum temperature, because it is not affect the solar noon 
to solar noon, but just over 1 / 8 in (' t). 
The following curve represents the variation of the inlet temperature hourly from sunrise to sunset. 
 
 
Fig. 1: Changes in daily temperature 
 
Radiant temperature of the sky (sky temperature) would have a direct and predominant on the inlet 
temperature and hence the outlet temperature. Indeed, for sites located in altitudes, heat losses must be 
considered. Its expression is given by Swinbank's law [1]: 
T
ciel  = 0,0552. Ta 
1,5 
 
2-4- Model of the outlet temperature: 
 
The collector efficiency is given by: 
K = Error!    
tc tl 
Tms  Tmax 
Tmoy Tmoy 
Tmin 
5/16 1/8 't 
5/8'
't  't
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Where U: is the density of air given by: 






The term (P / Po) represents the correction of the altitude. (Po) is the standard pressure at sea level, 
In the troposphere, temperature decreases of 6.5 ° C per kilometer (except near the ground) and the 
pressure P (z) follows the simplified form (for altitudes below 3 km): 
Po
zP )(
= (0,89) z    (z) in meters 
T
m
 : is the measurement temperature in ° C 
Cp : is the heat capacity of air equal to 1005 in [J/kg.K]. 
Qv : is the volume flow in [m
3
 /h.m2]. 
S : Surface of the sensor in m
2
. 
G* : is the incident solar radiation [W/m²]. 
T
s 
: is the temperature sensor output in °C.  
Ta : is the temperature at the inlet of the sensor  in °C 
 
In this case the temperature of the hot air at the sensor output is reflected by the expressions: 
Ts = 
 102
7 . G*;P(z) 
+ Ta    for a flow of  20 m
3
 /h.m2          
Ts = 
 71
4 . G*;P(z) 
+ Ta      Ta for a flow of  35 m
3




After completing the study of solar cells in the laboratory and after led to yield satisfactory results, we 
placed through these calculations in real life conditions. The study has met the exit temperature that could 
be achieved in different geographical locations. We have plotted the graphs representing the outlet 
temperatures hourly from sunrise to sunset for 21 days of each month. These curves allowed us to 
calculate the monthly average number of hours where the temperature sensor output exceeds 40 ° C, 60 ° 
C, 80 ° C 100 ° C, 110 ° C, 120 ° C and 140 ° C . Here we discuss the results as an illustration for the 
three sites: 
 
3-1- Biskra site: 
 
Characterized by a Saharan climate, the city of Biskra is situated at latitude 34 ° 48 'North and 
longitude 5 ° 44' east, its elevation above sea level is 85 m, atmospheric pressure at this Bar height is 
1.004. The city is also characterized by a fraction of monthly average insulation very high throughout 
the year as can be seen in Table 1. 
 
3-2- Site of Algiers: 
 
Located at latitude 36 ° 43 'north, longitude 3 ° 15' East at an altitude of 25 m the atmospheric pressure is 
1.009 bar, the city of Algiers is characterized by a Mediterranean climate, temperate, for which the 
seasons are marked but quite sweet. Calculation results are summarized in Table 2. 
1224   Saadeddine Mana et al. /  Energy Procedia  18 ( 2012 )  1220 – 1227 
 
3-3- Tébessa site: 
 
Characterized by an arid climate, summer is hot and winter is very cold, the town of Tebessa is located at 
latitude 35 ° 26 'north, longitude 8 ° 8' East at an altitude of 816 m, where atmospheric pressure is 0.9192 




Examining the results presented shows that will have one temperature difference (O) considerable even 
for the cold months when the diffuse radiation dominates. 
The monthly average values calculated on the number of hours that the outlet temperature exceeds 40 ° C, 
60 ° C, 80 ° C, 100 ° C, 110 ° C, 120 ° C and 140 ° C for an air flow equivalent m3/h.m2 to 20 for which 
the collector efficiency is only 60% are very significant and will allow the establishment of a geography 
of use of sensors for different regions of different climatic and geographical situations. 
Finally, these calculations allowed us to these regions are characterized by winter and summer by four 
regimes: 
- We have been able to identify, for sites such as coastal, Annaba, Algiers, Oran, a coastal regime 
characterized by a pair of outlet temperatures averages (minimum and maximum) (30, 120 ° C) in 
summer (15, 100 ° C) in winter. 
 
- The altitude sites in the mountains of northern Algeria, such as; Tébessa, Batna, Sétif, Tlemcen and 
Laghouat, a system of highland areas characterized by a pair of outlet temperatures averages (minimum 
and maximum) of (35, 140 ° C) in summer (10, 110 ° C) in winter. 
- A zone regime of the Sahara, bringing together the sites of low and medium altitudes, such as, Ouargla, 
El-Golea, Tindouf, Adrar and Regan, excluded from this type of plan the site of Biskra low altitude (81m) 
is is a transition zone between the regime of the high plateaus north and south Saharan regime. The latter 
characterized by a pair of outlet temperatures averages (minimum and maximum) (42, 140 ° C) in 
summer (20, 110 ° C) in winter. 
- The fourth regime emerged from this study includes the mountain areas of southern Algeria, located at 
altitudes of 1400 m as Tamanrasset and Djanet m 1050. This regime is characterized by a pair of outlet 
temperatures averages (minimum and maximum) (35, 145 ° C) in summer (20, 125 ° C) in winter. 
 
5- CONCLUSION 
Through this characterization schemes that combine the various sites studied we find a very good 
correspondence between the performance and needs, they could be covered quite extensively as we have 
noted, All work on the calculation of temperatures output has been done to some sites for an inclination 
equal to the latitude and two flow values, the next step would be to deepen the calculations to other sites, 
and for different inclinations in order to achieve gather all the data that used for the creation of an Atlas of 
applications of solar energy to medium temperatures. 
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 V(%)  Ts>40°C Ts>60°C Ts>80°C Ts>100°C Ts>110°C Ts>120°C 
Jan. 73 169,72 147,09 113,15 56,57 56,57 0 
Feb. 76 193,2 171,0 136,8 91,8 68,4 0 
Mar. 76 247,38 212,04 176,7 128,58 106,02 47,12 
Apr. 75 264,3 222,5 185,62 146,25 112,5 56,25 
May 75 290,62 255,75 209,25 139,5 127,87 81,37 
June 79 331,8 272,5 237,0 177,75 130,3 82,95 
July 88 395,56 327,36 272,8 218,24 177,3 122,7 
Aug. 86 335,4 283,8 245,1 193,5 154,8 116,1 
Sept. 85 250,38 210,8 184,45 144,9 118,5 79,00 
Oct. 73 208,05 175,2 153,3 109,5 87,6 0 
Nov. 68 158,9 147,56 105,4 63,24 00 0 
Dec. 72 156,24 133,92 100,45 33,48 00 0 
 annual 
values 
3001,24 2559,52 2119,69 1503,21 1118,47 585,43 
Table 1: Site of Biskra 
 V(%) Ts>40°C Ts>60°C Ts>80°C Ts>100°C Ts>110°C 
January 48 108,82 86,4 64,8 21,6 0 
February 56 142,86 126,0 90,5 55,12 0 
March 60 184,5 153,0 126,77 90,0 58,5 
April 61 213,9 186,0 148,8 102,3 69,75 
May 71 271,56 228,97 186,37 122,45 80,0 
June 71 282,2 234,3 191,7 122,8 70,09 
July 78 315,9 257,4 195,1 140,4 99,45 
August 80 300,00 249,6 205,98 151,45 107,83 
September 74 244,2 205,35 172,05 122,1 83,25 
October 62 177,6 144,15 116,25 73,47 27,9 
November 51 137,7 118,5 95,62 61,20 34,42 
December 49 125,68 84,52 58,8 00 00 
 annual 
values 
2438,84 2074,2 1609,7 1062,96 630,51 
Table 2: Site of Algiers 




Cp heat capacity of air equal at 1005 in [J/kg.K]. 
G* clear-sky solar radiation [W/m2] 
Gm overcast solar radiation [W/m2] 
Gmax maximum solar radiation [W/m2] 
P(z) pressure altitude of the site z [Bar] 
Qv Volume flow [m3/h.m2] 
S Section of the sensor [m2] 
Ta Ambient temperature (°C) 
Tmin Minimum temperature (°C) 
Tmax Maximum Temperature (°C) 
Te Inlet temperature sensor (°C) 
Ts Outlet temperature (°C) 
Tciel Sky temperature (°C) 
W Daily global radiation [W/m2] 
z Altitude [Km] 
U Density of air [kg /m3] 
V Fraction of sunshine [%] 
't Duration of solar day 
 V(%) Ts>40°C Ts>60°C Ts>80°C Ts>100°C Ts>110°C Ts>120°C 
January 52 120,9 105,3 85,9 57,72 35,1 0 
February 51 133,87 114,75 106,33 72,67 53,55 22,95 
March 52 195,00 140,4 120,9 93,6 78,0 54,6 
April 52 179,4 152,1 128,7 101,4 85,8 62,4 
May 67 256,27 221,1 190,95 145,72 120,6 85,42 
June 70 282,45 241,5 204,75 157,5 131,25 94,5 
July 76 307,8 264,48 228,0 182,4 153,9 114,0 
August 77 288,75 248,32 218,29 173,25 144,37 115,5 
September 66 222,75 193,05 168,3 133,65 113,85 94,05 
October 62 168,33 107,88 129,27 97,65 79,05 55,8 
November 65 170,62 151,12 112,12 73,12 48,75 00 
December 49 102,9 89,67 73,5 40,42 7,35 00 
 annual 
values 
2429,14 2029,67 1767,01 1329,1 1016,47 699,22 
Table 3: Site Tébessa 
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